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The macro fibre composite plate model
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Table 1 ~ Geometric parameters of the piezoelectric fiber

composite cantilever plate

Material properties MFC
Length(m) 0.085
Width(m) 0.050
Height(m) 0.0003
Young's modulus (GPa) 210
Density (kg-m™) 5440
Poisson's ratio 0.16

d,=-185x10""

Piezoelectric gauge factor (PC/N) d = 400x10°
= 400%
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Table 2 The first three natural frequencies

Order Natural frequency (Hz)
First order frequency 36.46
Second order frequency 123.26
Third order frequency 233.54
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Fig.3 The first three vibration modes of the piezoelectric

fiber composite cantilever plate
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Table 3 The first three natural frequencies with

different aspect ratios

The first order The second The third order

Size(m)
(Hz) order(Hz) (Hz)

a=0.05 106.6 185.17 635.07
a=0.085 36.714 123.26 233.54
a=0.10 26.24 114.88 161.66
a=0.15 11.74 60.18 71.99
a=0.175 8.46 52.41 62.08
a=0.2 6.46 40.06 53.89
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Fig.12  The bifurcation diagrams of the first three modes with respect

to excitation amplitude I,
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THE INFLUENCE OF DIFFERENT ORDER EXCITATIONS ON
RESPONSES OF PIEZOELECTRIC FIBRE COMPOSITE PLATES
WITH MULTI INNER RESONANCE *

Guo Xiangying"* Duan Mengye'?
(1.Department of Materials and Manufacturing , Beijing University of Technology, Beijing 100124, China)

(2.Beijing Key Laboratory of Nonlinear Vibrations and Strength of Mechanical Structures , Beijing 100124, China)

Abstract The paper investigates nonlinear dynamical characteristic of a macro fibre composite (MFC) plate subjected
to transversal excitations. Nonlinear governing equations for the MFC plate are established based on Reddy’s first-order
shear deformation theory, von Karman geometrical nonlinear kinematics and Hamilton’ s principle. To analyze complex
inner resonance phenomenon of the MFC plate, the first three order natural frequencies and the relationships of various
internal resonances with different physical dimensions are discussed under different order excitations, and Galerkin’ s
approach is employed to discretize the partial differential governing equations into a three-degree-of-freedom nonlinear
system. Then, stability analysis is conducted to investigate influences of related parameters on nonlinear behaviors of the
composite plate. The results of numerical simulation show that increase of plate size will lead to decrease of both the natu-
ral frequencies and dynamic stability of the plate. Moreover, the different order transversal excitation has great effects on
the nonlinear dynamics of the structure. The results will provide theoretical supports for practical engineering applica-

tions.
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